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I. INTRODUCTION

We propose to search for fractionally charged quarks using one
of the standard secondary beam channels in Area 2. The elements of
the beam will be tuned to the highest energy, e.g. 200 GeV, and the
primary proton energy will be set 5 to 20 percent lower than that of

the secondary beam channel.

In a proton-nucleus interaction the simplest reactions which re-

sult in the production of quarks are:

P+'"N" - P+N'+q+q (1)
> T”
N +2q1+q2 (2)

By tuning the beam to a momentum higher than the primary proton
beam momentum, no particle with integral charge can pass through
the entire length of the beam channel, unless it is scattered several
times by collimator walls, magnet poles, or other elements in the

beam-channel. On the other hand, quarks with charge lQI = 2/3 and

momentum ~140 GeV/c or charge IQ[ .= 1/3 and momentum ~70 GeV/c .

would pass’through the entire length of the channel. We propose to
measure the ionization loss and tofal energy of those particles trans-
mitted by the channel using an array of scintillation counters followed

by an ionization calorimeter.

The technical advantages to the present scheme are;

1) The:number of interactions per pulse can be as high as »«101'3 or
more. This is very difficult to achieve at any location outside

the main target station.
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Integrally charged particles produced at the target will be elimin-
ated almost completely by the secondary beam channel which al-

ready exists in the aréa., This reduces the background problem

enormously without requiring additional magnets or détection

equipment.

3) The present plans for Area 2 call for threshold gas Cerenkov

counters at the end of each beam line. They are considered an

integral part of the beam design. These Cerenkov counters give

~additional rejection against background from r'elativistic“particles;"

Though these counters are not essential, if they exist, we will

take advantage of them.

The physics justification for the experiment is quite obvious. " The

existence or non-existence of quarks is one of the most fundamental

questions,in particle physics at the present time. Many eﬁgperimen’cs

have been performed with accelerators and cosmic rays. 1 Most experi-

ments have obtained negative results and have given upper limits on the

production cross section. Two experiments claim to have seen quarks

in cosmic rays. - The experimental evidence is not convincing, however.

Searches similar to that proposed here, have been made both at CERN

-and at Serpukhov. 3 The latest results at Serpukhov have set upper limits

on the differential cross section for quark production:

7 x 10—38 cmz/ster GeV/c for Mass < 5 GGV/CZ
Charge = -1/3
and
-38 2 < 2
4x 10 cm /ster GeV/c for Mass £ 2.5 GeV/c
Charge = -2/3.

. The experiment proposed here, taking advantage of the higher

‘energy;: will extend these limits to larger mass values. The largest
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quark mass attainable in our experiment, without using the Fermi motion

of the target nucleus, is

~8 GeV/c2 for the Reaction (1)
~8 G@V/CZ for the Reaction (2)

if the proton energy is limited to 200 GeV. Since we plan to use a standard
beam channel rather than setting up a special beam, our momentum and
solid angle .acceptance will be smaller than those of the CERN and Serpuk-
hov experiments. However, fhe smaller acceptance of our system will be
compensated by the higher intensity of the proton beam, resulting in a
comparable cross section sensitivity. For instance, one event per hour

in our experiment, assuming 2 x 1()13 interacting protons, Ap/p = 5%, and

A = 5 x 10'6 ster,

dz a

: -36 2
W ~ 6x 10 cm [ster GeV/c.

‘This seems to be sufficiently sensitive, since guarks are most likely pro-

duced "'strongly' if the available energy is sufficient to produce them at all,

There is a proposal to look for gquarks at NAL by an Ohio State-
Indiana State-Kansas collaboration. Our technique is quite different, and
is a small extension of the work involved in beam alignme‘nt and tuning that

must be carried out in Area 2 by members of NAL staff.

II. EXPERIMENTAL ARRANGEMENT

T'he detection system to be used in‘this experiment is comprised of -

the following:

1) A beam telescope consisting of several scintillation counters dis -
iribuied over the beam line. The first coumé_r will be placed . at a
location where the singles counting rate of the counter is sufficiently
low, e.g. = 10,5 per sec, that the accidental coincidences would not

cause serious trouble. A rough estimate of the muon flux in the
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shield indicates that this condition is met at ~600 feet downstream
from the target. The last counter will be placed at the end of the
beam, immediately followed by the ionization counters. The num-
ber and the thickness of these counters have to be kept minimum,
since the quarks are expected to interact strongly with the material
of thé counters. In order to detect a particle with | Q' = 1/3 effi-

ciently, a thickness of ~1/2 inch will be required. Several anti-

‘coincidence counters must be added to reject particles scattered

from the collimator walls, the magnet poles, etc. A coincidence

‘tand-anti-coincidence) of these counters will select only those par-

ticles which went through the beam channel without scattering.
This requirement alone should give quite a strong rejection against

background.

A threshold Cerenkov counter placed near the end of the beam.
This, in anti-mode, will give us further rejection against fast par-
ticles, particularly pions. A semi-permanent installation of such

counters in the beam has been suggested by W. Baker and is being

studied by the members of the Experimental Facilities group.. For

“example, the particular arrangement of counters suggested by

Baker is expected to reject pions against anti-protons by a factor

;::-of’laO—g at 150 GeV/c. Thisswould be a powerful addition to our

. system. Since the counters will be operated below atmosphéric

pressure their presence would not add excessive material to the

beam line.

“onization Counters. They are.a set of 8§ small scintillation .«counters,
<:3" in diameter and 1"-2" in thickness, placed adjacent to‘the last
element of the telescope counters. They have to be protected, by a
set of anti-counters, against particles passing near their edges.

Ttheroutput of these counters will be displayed on an oscilloscope. .
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The oscilloscope will be triggered by an acceptable signal from
the telescope .(and the Cérenkov counter) and the display will be
recorded by a cameéera. These cou.nters have to be cérefully cali-
brated by a beam of singly charged particles, during the test run,
and checked by a light sour-cé with an attenuator for linearity of

response.

4) A total absorption counter. 1f the above arrangement' does indeed
result in a non-zero trigger rate, a total absorption counter can
be added to the system to measure roughly the energy of the ac-
cepted particlés and establish whether or not they are in the appro-
priate energy range for quarks transmitted by the beam channel.
This counter would reject any continuous background of hadrons,
and provide a Strong’ r'eje_ctiori against muons. An example of total
'absorp-iion counter is that described by JQnes4 ahd c‘on'sists of a
~35 layer iron-scintillator sandwich, 2" thick iron and 1/2" thick
scintillator, 30" in diameter. The energy resolution is expected
to be 3-10% at 200 GeV. This corresponds to 5-15% at 140 GeV
and 10—50% at 70 GeV. A system like this one secms to be ade-
quate for our pﬁrpo.ses, and can be calibrated in place by appro-

priate tuning of the beam.

This experiment can be done with either one of the three high energy
charged b&ams in Area 2. The 3.5 mrad beam has the advantage of large
solidrangle-acceptance and large momentum acceptance. .-On the other hand,
the transverse momentum of the particle coming into this channel is highc;,r'
than-in the:other beams. For instance a particle with a momentum of 140
GeVe/c must have a iransverse momentum of 0.5 GeV/c. If the production:
mechanism is such that small transvérse momenta are strongly favored,
it would be advantageous to use the 1.75 mrad (difiracted pr-otbn) beam.
"Another possible advantage of_ the 1.75 mrad beam is the fact that this
beam could be tuned to a higher energy than the other fwo, since none of

the bending magnets are run above 10 kg at 200 GeV/c.
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We request approximately 100 hours of testing and 100 hours of
data taking time. In the test period we will tune the beam for lower
energy, letting a sma]i amount of negative pibns (or protons) through
the channel, and calibrate our detectors with single charged particles.
.We expec{ to take data with both negative and positive beams. One event
in 50 hours of the data ta;king run corresponds to a differential produc-

' -37
tion cross section of ~10 cmz/ster GeV/ec.

11, IMPLEMENTATION

With the exception of the total absorption counter the equipments—
to be used in this experiment are either standard, i.e. they should exist
when the area becomes available for an experiment, or simple. The
beam telescope counters and the ionization counters can be built in a
short time. All the necessary parts, scintillators, phototubes, etc.,
already exist in the Physics Research Section at NAIL.. This also applies
to the total absorption counter, although it may require some develop-
mental work. If the proposal is accepted, we would request a few thous-
and dollars of financial support and three technician-months of manpower
support [rom our research section for the development work on the total
absorption counter. We also need a multi-trace oscilloscope, pulse height
analyzer, and some standard electronics circuits. Tﬁey all exist in our -

equipment pool.
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